these authors, the LP mechanism in the prevention of heart disease is the inhibition of the expression of F3-hydroxy-3-methyl glutaryl coenzyme A (HMG-CoA) reductase, the limiting enzyme in cholesterol synthesis. In fact, additional clinical studies have shown that supplementation with lycopene is effective in reducing LDL (Palozza, Catalano, Simone, Mele, & Cittadini, 2012 ) and the effect is comparable to that of the ingestion of low doses of statins in patients with mildly elevated cholesterol levels. Using rabbit as animal model, 12-weeks of dietary supplementation with three levels of LP decreased LDL cholesterol levels and increased HDL cholesterol in dose manner (Verghese et al., 2008) . The LP consumption is associated with a reduction of oxidative damage to biomolecules as lipids, proteins and DNA (Palabiyik et al., 2013) ; in addition, Jain, Agarwal, and Rao (1999) showed that ingestion of LP in rats decreased thiobarbituric acid reactive substances (TBARS) concentration by 14%, whereas Bose and Agrawal (2007) reported that LP can increase blood levels of superoxide dismutase (SOD), glutathione reductase and GSH-Px, enzymes mainly involved in antioxidant activity and hence in reducing oxidative stress. Different studies have been performed on the use if the LP as feed supplement, in order to evaluate the effects on productive performance in livestock animals. In particular, the effect of LP on the quality of the turkey meat was investigated by Skiepko, Chwastowska-Siwiecka, Kondratowicz, and Mikulski (2016) and on broilers by Ševčíková, Skřivan, and Dlouhá (2008) . Lycopene is a powerful antioxidant that provides protection against cellular damage caused by reactive oxygen species (ROS) and could be especially useful in intensive-management farms, like the rabbit species, in which the farming density, speed of growth, the high reproduction rate determine metabolic stress conditions. Recent studies have shown that diets supplemented with antioxidants could reduce the negative effects of environmental stressors (Zhang et al., 2017) . The phenylpropanoids, particularly verbascoside, are major components of the Verbenaceae extracts (Pascual, Slowing, Carretero, Sanchez Mata, & Villar, 2001) . Previous studies have indicated that the dietary supplementation with Verbenaceae natural extracts improves plasma oxidative profile both in weaned piglets (Pastorelli, Rossi, & Corino, 2012) and in rabbits does intensively reared , and enhances blood lipid profile in Lacaune sheep (Casamassima, Palazzo, Martemucci, Vizzarri, & Corino, 2012) and hares (Palazzo, Vizzarri, Cinone, Corino, & Casamassima, 2011) . In our previous studies, performed in rabbit species for the evaluation of lycopene, verbascoside and horseradish effects supplemented in feed but not in combination among them (Vizzarri, Palazzo, D'Alessandro, & Casamassima, 2017) , it was demonstrated the production of quality of meat with a lower saturated fatty acids, cholesterol and TBARS amount and a higher concentration in fat-soluble vitamins (retinol and α-tocopherol). Similar results on selected meat quality traits have been shown after the dietary supplementation with an extract of Lippia citriodora (with verbascoside as main component) in hare (Vizzarri, Nardoia, & Palazzo, 2014) . Therefore, since few data are in literature on the biological properties of the two compounds when used mixed, it was considered interesting to evaluate the effect of dietary supplementation of PLX ® 23 and LycoBeads ® (with verbascoside and lycopene as main component, respectively), alone and in combination. The dietary treatment was tested on some blood parameters, plasma oxidative status and meat quality traits in intensively reared rabbits.
| E XPERIMENTAL

| Animals and experimental design
All procedures for animal husbandry and management, regarding the protection thereof for scientific purposes, were conducted in accordance with European guidelines 2010/63/EU. Rabbits used in the experiment were clinically healthy throughout the all experimental period. The test lasted 60 days and was conducted on 200 weanedrabbits (White New Zealand × Californian), 100 females and 100 males. The animals were raised in multiple cages equipped with feeders and automatic watering. Temperature and relative humidity of rabbitry were continuously recorded using a data-logger positioned at the height of the animal cages; values throughout the experimental period remained on average of 20 ± 3°C and 65% ± 5%, respectively. The rabbits were divided into four groups of 50 animals each (5 animals each cage × 10 repetitions), matched by age (35 ± 2 days) and body weight (1.39 ± 0.02 kg). The control group (CON group) received a weaning-fattening feed without any feed supplements, whereas the experimental groups received the following: the first, an integration in 2. 
Highlights
• PLX ® 23 and LycoBeads ® feed supplements were integrated in the rabbit feed.
• Dietary feed supplements improved the blood lipid and glucose profile.
• Dietary feed supplements reduced plasma oxidative markers.
• Dietary feed supplements improved the nutritional quality traits of rabbit meat.
| Chemical composition of feed
Animal feed was analysed in triplicate using the method AOAC 
| Performance measurements
During the experimental period, all animals were subjected to the control of body weight and feed intake at the beginning (0 day), half (30 days) and at the end of the experiment (60 days), to determine the daily weight gain and the feed conversion index, respectively, in the period 0-30 days, 30-60 days and entire study (0-60 days).
| Blood sampling and analysis
Blood samplings were performed on 20 animals for each group (considered as representative sampling) at the beginning (0 day), half (30 days) and at the end of the experiment (60 days (Cesarone, Belcaro, & Caratelli, 1999) .
The results were expressed in Carr units (one Carr corresponds to 0.024 mmol/L of H 2 O 2 ). The determination of TBARS was performed using a spectrophotometer, according to the method of Esterbauer and Zollner (1989) , and a standard curve with the 3-1, 1, 3, tetramethoxypropane (Sigma Aldrich, St. Louis) was used. Results were expressed as µmol of malondialdehyde (MDA)/L of plasma. Retinol and α-tocopherol were extracted from plasma samples with chloroform, according to the method of Zhao et al. (2004) and determined in accordance with the method reported in Casamassima et al. (2017) . Blasco and Ouhayoun (1996) , discarding the skin, the distal part of the limbs, genitals, bladder and gastrointestinal tract. Carcasses were weighed, and the slaughter yield calculated. The dissection of the meat carcasses was made after the storage at 4°C for 24 hr, and on the right side, meat samples were taken from Longissimus lumborum (LL), in order to perform the chemical composition according to AOAC method (2000) and to analyse the first measurement of oxidative stability (0 hr). The remaining part of the muscle sample was stored under vacuum at −20°C for the further determination of fatty acids and cholesterol.
| Carcass traits
| Oxidative stability of meat
Meat oxidative stability was measured by evaluating the TBARS content on LL samples at 0 day, and thereafter at 24 and 72 hr of chilling at 4°C, in accordance with Meineri, Cornale, Tassone, and Peiretti (2010) . The retinol and α-tocopherol were extracted from meat sample according to Zaspel and Csallany (1983) and then analysed with HPLC according to Palazzo et al. (2015) .
| Fatty acid composition in intramuscular fat and cholesterol determination of meat
The fatty acid composition of intramuscular fat samples was determined after chloroform-methanol extraction (Folch, Lees, & Stanley, 1957) , and fatty acids were determined as methyl esters (FAME) (Dal Bosco, Castellini, Bianchi, & Mugnai, 2004) , using a gas chromato- 
| Statistical analysis
After the evaluation of the normality of frequency distribution, all variables were subjected to analysis of variance using the GLM (gen- Lysine ( analysed with a mixed model with the dietary treatment as fixed effect and the sampling time as repeated factor, whereas data oncemeasured were subjected to analysis of variance with the GLM procedure of SPSS software with the dietary treatment as fixed effect.
The means were compared using Duncan's test. Relative to the parameters in vivo, the cage was the experimental unit, whereas for all other data the experimental unit consisted of the single animal and all samples were analysed in duplicate. Table 2 shows the data on several blood parameters. It indicates that plasma levels of all considered metabolites were affected by dietary treatment (p < 0.01), and in particular, there has been a reduction in the concentration of total cholesterol, LDL cholesterol, triglycerides, glucose and phospholipids, whereas HDL cholesterol has increased.
| RE SULTS
| Blood parameters
That difference was found between the CON group and the experimental groups (LIC, LIC+VB and VB groups) as regards the total cholesterol, LDL cholesterol, triglycerides and glucose, whereas for HDL cholesterol and phospholipids the difference, besides being present with the control group, has grown even among experimental groups and, in particular, between LIC and groups VB and LIC+VB. Also the time of supplementation has significantly influenced (p < 0.05) the parameters in the table. In particular, in the three experimental groups, a decrease in total and LDL cholesterol, triglycerides, glucose and phospholipids levels and an increase in HDL cholesterol were highlighted, whereas in the CON group there was an increase of total cholesterol, triglycerides, glucose and phospholipids. A significant interaction (p < 0.05) between the dietary supplementation and duration of experiment for all parameters shown in Table 2 was also observed. down-regulating effect (p < 0.05) for hepatic enzymes (AST and ALT), bilirubin and creatinine in the experimental groups compared with CON group. These blood parameters were also affected by the duration of experiment that produced a reduction AST, ALT and bilirubin in all experimental groups, whereas the bilirubin and creatinine values of the CON group increased. In addition, it is possible to highlight a significant interaction between dietary supplementation and the duration of administration for all studied parameters.
| Plasma oxidative markers
In Table 4 , the parameters of plasma oxidative markers measured during the experimental period. The ROMs levels at the end of the research were markedly decreased (p < 0.05) in all three supplemented groups compared with the CON group. It was also observed a time effect (p < 0.01) that led a decrease in the values of ROMs in the three experimental groups, and an increase in the CON group. TBARS values, at the end of the experiment, were statistically decreased (p < 0.05) in animals receiving the supplemented feed with VB, with LIC and with the mix (LIC+VB) that presented lower values than the CON group. It was also observed a time effect from 0 to 60 days, with a decrease (p < 0.01) of TBARS values in experimental groups, whereas the CON group did highlight a raise. The dietary supplementation has produced a significant improvement (p < 0.01) of plasma levels of both retinol and α-tocopherol in LIC and VB groups, at the end of the study and when compared to the control group. In the same two experimental groups, there was a time effect (p < 0.01) with an increase of the two vitamins levels, whereas in the CON and LIC+VB groups did not report any variation. There was also a significant interaction (p < 0.01) between the dietary treatment and the duration of experiment for plasma oxidative markers, such as ROMS, retinol and α-tocopherol. 
TA B L E 3 Some blood parameters of hepatic and renal activity in growing rabbits
| Productive performance and quality traits of meat
The dietary supplementation with PLX ® 23 and LycoBeads ® had no influence on all productive infra vitam parameters, such as final body weight, average daily gain, feed intake and feed conversion index, as well as on post-mortem slaughter controls, such as carcass weight, carcass yield and proximate composition of meat. Table 5 reported data related to the Longissimus lumborum content of cholesterol and fat-soluble vitamins (retinol and α-tocopherol).
Statistical differences (p < 0.05) were noted between CON and VB groups with an increase of 16.2% and 11.9%, respectively for retinol and α-tocopherol. The content of cholesterol decreased in all three experimental groups with a statistical difference (p < 0.005) of 9.8% for the LIC group and about 13% for LIC+VB and VB groups, when compared with the CON group.
The dietary supplementation has significantly influenced (p < 0.05) rabbit meat acid profile, as reported in Table 6 , resulting in a decrease of the saturated fatty acid (SFA) and an increase in polyunsaturated fatty acid (PUFA). In particular at the end of the experiment, the SFA decreased by 9.9% in LIC group, by 8.9% in LIC+VB group and by 11.2% in VB group, when compared to CON group. On the contrary, the experimental groups LIC, LIC+VB and VB, PUFAs are increased by 10.3%, 12.4% and 16.2% respectively, compared to CON group. That trend of values also affected the content of n-3 and n-6 fatty acid, compared to the control group, showing a significant increase (p < 0.05), whereas the ratio of n-6/n-3 was reduced.
As a result of PLX ® 23 and LycoBeads ® intake, the content of PUFA is higher in the muscle of rabbits of three experimental groups, while the SFA content is lower than those in the CON group. has influenced the oxidative stability of muscle after 72 hr of storage, with a significant decrease (p < 0.01) of 62.5%, 50.5% and 72.7%
in LIC, LIC+VB and VB groups, when compared to the CON group. In addition, it was noted that at the slaughter moment (0 hr) a marked difference (p < 0.01) of 37.3%, 31.5% and 56.4% was detected in
Longissimus lumborum muscle for TBARS levels, respectively between the experimental LIC, LIC+VB and VB groups and those of the CON group. Even the time spent in the refrigerator has determined a significant influence (p < 0.01) on lipid oxidation in meat, highlighting an increase in concentration of TBARS in all four studied-groups, but with a slower increase in the experimental groups.
| D ISCUSS I ON
The results on blood lipid profile, observed in rabbits fed with PLX ® 23 and LycoBeads ® , are in agreement with what was highlighted in previous researches, about rabbits Casamassima, Palazzo, Vizzarri, Costagliola, et al., 2013) , ovine (Casamassima et al., 2012; Casamassima, Palazzo, D'Alessandro, et al., 2013) and hare (Casamassima, Palazzo, Vizzarri, Cinone, & Corino, 2013; Palazzo et al., 2011) fed-supplemented with VB. Even Lorenz et al. (2012) , feeding rabbits with a high-cholesterol diet, and daily supplementing for 4 weeks 5 mg (Fuhrman et al., 1997) and the activity of up-regulation in macrophage LDL receptor (Arab & Steck, 2000) , as well as to its high power to neutralize free radicals.
The decrease in transaminases, total bilirubin and creatinine detected in three experimental groups might be due to a general improvement of liver and kidney function and an anti-inflammatory and antioxidant action exerted by PLX ® 23 and LycoBeads ® considered both when used individually and in the mixed group. An improvement of these blood parameters was also highlighted in our previous research in lactating Lacaune ewes (Casamassima et al., 2012) and in rabbit with a dietary supplementation based on Lippia citriodora (Casamassima, Palazzo, Vizzarri, Cinone, et al., 2013; Palazzo et al., 2011) .
The experimental treatment has determined an improvement of plasma oxidative markers attributable to the antioxidant action of polyphenols present in PLX ® 23 and of carotenoids present in LycoBeads ® . The reduction of ROMs and TBARS can be attributed either to a direct action of capture of free radicals during chain reaction propagation, both to a block of initiation phase in the oxidative process, through the inhibition of enzymes pro-oxidants that would produce free radicals (Kamiloglu, Beytut, & Aksakal, 2006) . These results are consistent with what was found by Corino, Rossi, Musella, Cannata, and Pastorelli (2007) in a previous study on weaned piglets with a dietary supplementation based on VB. Other Authors (Casamassima et al., 2012; Palazzo et al., 2011) showed an improve- with VB in rabbits and hare (Palazzo et al., 2015; Vizzarri et al., 2014) and pigs (Rossi, Pastorelli, & Corino, 2013) . In addition, it is assumed that the use of feed additives with antioxidant activity could actively participate in lipid peroxide removal from the cell; therefore, less atocopherol is used for a similar purpose, leading to an higher content in tissue (Surai, 2000) .
The decrease in meat cholesterol content, found in three experimental groups, can be attributed to antioxidant effect exerted by the studied molecules, as already experienced in our previous work , and by others authors (Kowalska & Bielański, 2009 ). In fact, carotenoids, similar to statins, increase LDL receptor activity and reduce the plasma concentration of cholesterol by acting as natural hypocholesterolemic agents. This mechanism would ensure that there is less circulating cholesterol and thus less cholesterol in the meat. known antioxidant activity of plant extracts are two important aspects to ponder when a dietary strategy is performed.
In our study, both the higher content of MUFA and PUFA and the lowest concentration of SFA in the treated-group diets have resulted in an increase of polyunsaturated fatty acids, particularly linoleic acid (C18:2) and linoleic acid (C18:3) of meat with an improvement in the ratio n-6/n-3. In addition, the antioxidant action of PLX ® 23 and LycoBeads ® led to an increase of endogenous α-tocopherol, which might have protected the diet-PUFA from oxidation and favoured a greater accumulation of PUFA in the muscle of the experimental animals. Rabbits, like other monogastric animals, are capable of absorbing dietary fatty acids in the adipose tissue and in intramuscular lipids, and for this reason, it is possible to change the meat acid profile through the use of specific dietary sources of unsaturated fatty acids (Peiretti et al., 2012) . In a recent study, Peiretti, Gai, Rotolo, Brugiapaglia, and Gasco (2013) reported that the dietary supplementation of dried tomato pulp has improved the content of PUFA and decreased the SFA in the meat, with benefits from the nutritional point of view. These results are also supported by other research that show a decrease of SFA and an increase of PUFA, after dietary supplementation with Salvia seeds (Salvia hispanica L.) in growing rabbits, as reported by Meineri et al. (2010) . Generally, the meat with a higher content in PUFA could be more susceptible to oxidation and therefore have a lower shelf-life. In this experiment the content of TBARS has been significantly reduced in the experimental groups both at the slaughter moment (0 hr) and at 24 and 72 hr, when compared to the control group. In addition,
the TBARS values in Longissimus lumborum muscle of three experimental groups present a limited increase during the storage compared to the CON group, showing a lower rate of oxidation in the meat from 0 to 72 hr post-mortem. This result agrees with previous research in rabbits supplemented with VB (Palazzo et al., 2015; Vizzarri et al., 2017) and with Peiretti et al. (2013) always in rabbits fed with dried tomato pulp, containing lycopene. Sahin et al. (2014) experienced in trout that lycopene is a powerful antioxidant able to protect tissues from oxidative damage and can be deposited in tissues exerting a powerful inhibitory effect on lipid oxidation.
| CON CLUS ION
The dietary supplementation with natural extracts based on verbascoside (PLX®23) and lycopene (LycoBeads®) resulted in an improvement of several blood parameters, lipid and hepatic profile and renal activity of treated growing rabbits. Feed additives have also led to the production of meat with a lower content in SFA and cholesterol, and an increased PUFA content, resulting in a higher n-3 and n-6 levels and a reduced n-6/n3 ratio. In addition, the polyphenols and carotenoids inhibited the lipid oxidation improving the oxidative stability of rabbit meat, although PUFA content has increased.
Therefore, even not affecting the productive parameters and the carcass yield of rabbits during the farming and the slaughter, the dietary treatment showed an improvement of several blood markers, indicating a good animal welfare, and of some quality traits of meat suitable for different type of consumers.
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